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In young patients, internal fixation is the treatment of choice whenever possible and especially for UFNF, favouring hip preservation. In this setting several implant alternatives have been proposed to achieve durable stability (11) (12) (13) (14) (15) , supported by the fact that young healthy patients often have good bone density (16) (17) (18) .
In the elderly, often osteopenic patient, disadvantages of internal fixation would be the potential medium-to longterm surgical complications related to the procedure (i.e. nonunion, avascular necrosis, implant failure) which account for a significantly higher rate of readmission and reoperation (19) (20) (21) (22) (23) . On the other hand, benefits are the minimally invasive nature of internal fixation aids in reducing early postoperative complications and by shortening hospital stay (20, (24) (25) (26) . Furthermore, mortality has been reported to be lesser following fixation compared to arthroplasty.
Given these controversies, the purpose of this study is to provide a systematic review of the current literature answering the following questions in patients over 60 years old with undisplaced intracapsular hip fractures treated with internal Outcomes of nondisplaced intracapsular femoral neck fractures with internal screw fixation in elderly patients: a systematic review
Introduction
The incidence of femoral neck fractures continues to increase in accordance with ageing of the population. This constitutes a healthcare burden with a significant socioeconomic impact (1) (2) (3) (4) (5) . Though the treatment for displaced femoral neck fractures in the elderly is tilted in favor of hip arthroplasty, the treatment for impacted or undisplaced femoral neck fractures (UFNF) (Garden Classification [6] type 1 & 2) is still controversial (7) (8) (9) (10) .
Data sources and searches
MEDLINE, the Cochrane Database of Systematic Reviews and the Cochrane Central Register of Controlled Trials were searched for studies enrolling patients older than 60 years old, with UFNF (Garden types 1 and 2) (6), treated with bone screws for internal fixation. The search strategies (see Appendix, available online as Supplementary material at www.hip-int.com) were performed in August 2016, limited to humans and restricted to publications after 1979. Additionally, the reference lists of included studies were screened to minimise the risk of missing relevant articles.
Study selection
3 investigators (J.O., P.S. and F.D.) independently screened title and abstracts of all identified references. Then, full-text articles of studies that satisfied all selection criteria were retrieved and assessed by pairs of independent authors (J.O., P.S., F.D. and J.G.) to confirm eligibility. Disagreements were solved by consensus.
Therapeutic or prognostic studies, published in English or Spanish language, with a minimum follow-up of 12 months were included. Studies assessing the evolution of patients with pathologic femoral neck fractures, as those based on cadaveric or animal subjects, were excluded.
Data extraction and quality assessment
Level of evidence of included studies was assigned using the classification suggested by Wright et al (29) . Patient demographics, treatment details, length and intervals of followup, outcome assessment and mortality were recorded for each study into a custom data collection form (30) .
To assess the methodological quality of included studies, we used a modified Coleman methodology score (mCMS) (31, 32) . A customisation of the CMS modified by Kon-Verdonk (33) was proposed to be more applicable to hip fracture treatment studies. Part A was kept on 8 parameters for a total of 75 points. We modified former part A7 from "Inclusion MRI outcome" to "Inclusion of structural outcome assessment with images (10)", and we removed the parameter for "Inclusion histological outcome" (former part A8) and introduced "Description of procedure failure rate -total hip arthroplasty conversion or re-operation". Part B was maintained without modifications. The maximum score of the mCMS is 100, and a high score indicates that a study largely avoids chance, biases and confounding factors. 2 independent authors rated the quality of each study. Any disagreement was solved by consensus or consultation with a 3 rd reviewer.
Data synthesis
Due to the identification of only 1 controlled study, and according to the methodological recommendation against meta-analysis of observational studies without a control group, information regarding outcomes reported by each study is presented in tables for comparison (34) .
Study selection
The process of study selection is presented in Figure 1 . A total of 950 references were screened. 11 studies (1 level-1, [35] 1 level-2, [36] 8 level-3, [37] [38] [39] [40] [41] [42] [43] [44] and 1 level-4 [45] ) met the selection criteria to be included in this review. The study design was retrospective in 9 studies, (37) (38) (39) (40) (41) (42) (44) (45) (46) and prospective in 2 of them (35, 36) . We did not identify any randomised or nonrandomised controlled trial. 8 studies evaluated a single cohort of patients treated either with cannulated screws or cancellous screws (37) (38) (39) (40) (41) (42) (43) (44) (45) . 1 study compared 2 groups of patients with intracapsular undisplaced hip fracture treated either with cannulated screws or with sliding hip screws (43) . The remaining 2 studies retrospectively assessed the evolution of patients with undisplaced intracapsular hip fracture who received osteosynthesis with cannulated screws compared to patients with displaced intracapsular hip fracture treated either with the same type of screws (36) or with hemiarthroplasty (40) . For this review, we only included in our analysis the groups of patients with undisplaced intracapsular hip fracture.
Characteristics of the included studies
This review analysed a total of 1,569 UFNF treated with internal fixation in 1,568 patients. All studies reported patients´ mean age, which ranged from 71 to 84 years old. 9 studies reported patients´ gender, with a variable proportion of female patients ranging from 2% (39) to 85% (40) . All authors used Garden classification (6) to determine displacement except Bjørgul et al (36) who stratified fractures as being undisplaced or moderately displaced (47) . 10 studies reported the length of follow-up, which varied from a mean of 11 to 40 months (Tab. I). The mean operative time was reported by 5 studies with a range from 31 to 53 minutes (37, 38, 40, 43, 44) . The mean hospital stay was informed in four studies and ranged from 6 to 17 days (37, 38, 40, 43) . Blood transfusion requirement and haemoglobin level at discharge was reported to be up to 4.5% and 15.4 g/l by Yih-Shiunn et al (43) . Rehabilitation protocol was not uniform among the authors or even in same series, but none of the studies analysed outcomes upon rehabilitation methods.
Results

What is the reported mortality?
6 studies reported mortality rate (35, 36, 38, 40, 43, 45) : with 215 deaths out of 901 treated patients, the overall mortality rate was 23.9%. Specifically, at 1-year follow-up the mortality rate was: 18.8% (65/346 patients) (40); 22% (49/225 patients) (36) ; and 19% (30/162 patients) (35) . At a mean follow-up of 2.9 years the mortality rate was 4.2% (2/48 patients) according to Yih-Shium et al (43) . At a mean follow-up of 3.25 years the mortality rate was 18% (18/100 patients) (38) . And with the longest follow-up, at 5 years, the reported mortality rate was 42% (51/120 patients) (45) (Tab. II).
Mortality rate represents a considerable aspect in the treatment of UFNF. At 1-year follow-up approximately 1 every 4 patients are deceased. Sikand et al (20) performed a study to analyse the mortality of undisplaced intracapsular hip fractures after surgery, and uncovered significantly higher 1-year mortality following hemiarthroplasty (38% vs. 16% in internal fixation group, p = 0.0072) (20) . The findings of our systematic review, regarding mortality at 1 year are similar to the finding of the later study in the internal fixation group. Of note, our conclusions come from observational noncontrolled studies and the only comparative study failed to identify any differences in terms of mortality between this intervention and hemiarthroplasty.
What is the reoperation rate?
Overall reoperation was reported by 9 studies (35, 36, (38) (39) (40) (41) (43) (44) (45) and ranged from 8% to 19%, while conversion to hip arthroplasty was performed in a range of 8% to 16% being these figures reported only by 6 studies (38, 40, 41, 43-45) (Tab. III). The mean time to hip replacement was variable (range 2-23 months); Manohara et al (38) stated conversion time to be shorter (2.6 months) for nonunion or implant failure than for avascular necrosis (23 months). Screw removal was only stated by Kain et al (45) in 2 out of 121 patients for implant-related complications. Some authors included in their radiological failure rates patients that did not required a further surgical procedure. Yih-Shiunn et al (43) reported mild to moderate avascular necrosis in 2 cases that were treated conservatively. Kain et al (45) clarified that some radiological failures could not be treated surgically because patients were not in optimal clinical conditions in order to undergo a new surgery.
Some authors studied the risk factor associated with worse clinical and radiological outcome; Chen et al (44) found a Singh index less than 3 to be correlated with avascular necrosis and nonunion. Toh et al (42) found worse outcomes in patients with screws not inserted perpendicular to the fracture line, screws with threads not crossing the fracture line and those with a fracture gap of at least 1.5 cm. Shimizu et al (41) considered capital impaction index greater than 5.7 and a fracture line without medial spikes to be both independent risk factors for radiological failure. Finally, Clement et al (35) stated that a posterior angulation <170° was associated with implant failure (Tab. III).
Reoperation rate after UFNF treatment in elderly patients is a matter of concern and leads to multiple hazards. In our systematic review, reoperation rate ranged between 8% and 19%, similar to arthroplasty conversion rate, (range 8%-16%). Hui TWB N/A * 1. Mobility Score From 0 (unable to walk) to 9 (walk without assistance). * 2. General complications: pneumonia; chronic heart failure; deep vein thrombosis; pulmonary embolism; acute respiratory failure; gastrointestinal bleeding; pressure sore; superficial wound infection. * 3. Mobility Score 4 points from non-walking to walking without difficulty. * 4. General complications: deep vein thrombosis; pulmonary embolism; urinary tract infection; gastrointestinal bleeding; wound haematoma. FU = follow-up; HHS = Harris Hip Score; PWB = Partial weight-bearing; NWB = non-weight-bearing; TWB = total weight-bearing.
et al (48) compared the reoperation rate between young and elderly patients treated with cannulated screws and concluded that octogenarians had a higher conversion rate to total hip arthroplasty (31%), thenceforth suggesting other treatment for this group of patients. Similarly, Conn and Parker (49) reported a 7.7% hip arthroplasty conversion rate, and stated that advanced age was an independent factor for radiological failure. Yih-Shiunn et al (43) propose dynamic hip screw (DHS) fixation over multiple cannulated screws due to higher overall success rates at a minimum 12-month follow-up (cannulated scresws 84% succsess rate vs. DHS 97% success rate, p = 0.04), however a Cochrane meta-analysis on internal fixation implants for intracapsular proximal femoral fractures in adults found no major difference between different implants in patient survival or complications (50) . Orthopaedic surgeons must be aware that osteosynthesis in UFNF confers a relatively high reoperation rate (8%-19%). However, sufficient controversy exists regarding the potential benefit of performing a hip arthroplasty, due to its potential increased morbidity and mortality.
What is the clinical and radiological outcome?
4 out of the 11 studies provided patient-reported outcome (PRO) assessment, and reported low incidence and low level of pain, along with good functional activity. Yih-Shiunn et al (43) observed a mean Harris Hip Score of 83 points at 2.9 years follow-up. According to the visual analogue scale, Manohara et al (38) reported pain to be equal or higher to 1/10 in 22% of patients at 3.25 years and a total of 78% asymptomatic patients (Tab. II). Although Yih-Shiunn et al (43) found in their cannulated screws group significantly lesser haemoglobin drop levels, transfusion rates and shorter hospital stays compared to the DHS group they did not find significant differences in Harris Hip Score. Parker et al (40) were the only authors that reported walking aids as being the same as preoperative at 1-year follow-up in 33% of patients.
Even though 5 out of 11 studies evaluated fracture healing at final follow-up (38, 41, 42, 44, 45 ) none of them stated the method used for this assessment. Estimates on radiographic consolidation and failures (avascular necrosis, nonunion, implant failure, including screw loosening, segmental varus collapse and screw cut-out, and peri-implant fracture) are listed on Table IV . 10 out of 11 studies evaluated radiological outcome reporting an overall radiographic failure of 15.6% (178/1135 patients).
Clinical outcomes assessed by patient-reported outcomes were inconsistently reported, making interpretation of these data challenging. On the other hand, bone healing (radiological outcome) after fractures seems to be assured with uncertainty in this population even at 1-year followup. In this sense, it has been easier to define nonunion by assessing negative events as loss of reduction, secondary displacement or osteosynthesis loosening (51, 52) . Axelrad and Einhorn (53) described that UFNF usually have a propensity to delayed union or nonunion, with the feature of presenting a difficult radiological assessment of the healing progression. By using accepted parameters of consolidation (bone callus in 2 projections, or bone callus in 3 of 4 cortex, or fracture line absence) (53) (54) (55) , the false positives and negatives have been reported to be as high as 20% (56) . Accordingly, our systematic review we also found a trend in reporting complications rather than reporting consistently the consolidation rate.
Historically, many radiological features have been proposed as risk factors for reoperation or failure; in this manner, osteoporosis in the elderly could favor implant failure due to deficient anchorage. Nonetheless, there is insufficient evidence concerning the ideal treatment for osteoporotic bones in order to improve time to consolidation or consolidation rates (57) . In our review, many authors portrayed bone quality according to Singh's score, but only Chen et al (44) associated it to the appearance of radiological failures. As all patients in our study were elderly, and considering osteoporosis directly related to age, we can presumably consider them as independent factors to predict implant failures, nonunion and avascular necrosis; however, such conclusion cannot be derived from this review.
Of the other factors proposed as radiological failure predictors by Toh et al (42) and Clement et al (35) , posterior tilt (also known as Garden lateral angle) has been widely studied. In 2009, Palm et al (58) concluded that an angulation in lateral radiographs equal or higher than 20° was a reoperation predictor in UFNF. Nonetheless, in a recent level 2 study, Lapidus et al (59) were not able to determine posterior tilt as an independent failure factor. Similarly to Palm et al's observations, Conn and Parker (49) found correlation between posterior angulation as well as percentage of fracture impaction with the incidence of reoperations.
Toh et al (42) proposed that screw threads not passing beyond the fracture line is associated with reoperations; nevertheless, Parker et al (40) stated that this association does not exist. In other aspect, Yang et al (60) agreed with Toh et al (42) that poor reduction with a fracture gap is one of the main risk factors for failure in an inverted triangular screws configuration in the treatment of these fractures (61, 62) .
In our systematic review, reoperation rate ranged between 8% and 19%, similar to arthroplasty conversion rate, (range 8%-16%) and to radiological failures (range 8%-21%) as well. Differences between these outcomes are observed since not all patients were able to withstand an additional surgery due to their clinical status.
What is the methodological quality of the included studies?
The methodological quality of the included studies was fair/low. The mCMS was calculated individually for the included studies, detailing the score awarded to each assessed domain, as shown in Table V . The mean mCMS was 63 points (range 51-77). Current evidence regarding undisplaced femoral neck fractures treated with internal fixation with cancellous screws is insufficient, and the methodological quality of the studies is fair/low. In the context of the heterogenic evidence, and the available data analyzed the choice between different internal fixation devices and hip arthroplasty is a matter of discretion. Further prospective high-quality, randomised controlled trials are required to establish the optimal approach for the treatment of undisplaced intracapsular hip fractures.
There are several limitations to this review. As with any systematic review, the inherent weaknesses of each included study (short-term follow-up, retrospective design, lack of control group) translates into limitations to the level of evidence provided by this review. We found few and dissimilar methods to measure outcomes, which made it difficult to compare heterogenic results. Moreover, although we utilised a systematic methodology that we believe could be reproducible, it may be possible that different search terms and additional data sources would have provided additional studies that could have met selection criteria. The methodological strength of this review relies on the work of multiple independent reviewers during article selection and data extraction in order to minimise selection bias. The quality assessment of the included studies using a customised version of the CMS instrument also contributed to the appraisal of available evidence regarding the effectiveness and safety of internal fixation for patients with UFNF.
Conclusion
Although the accepted treatment for intracapsular undisplaced hip fractures in young patients is osteosynthesis, in the elderly population this issue still remains debatable, since the current literature has reported adverse clinical and radiological outcomes (17, 18, 48, 49, 63) . Internal fixation with cannulated screws for undisplaced femoral neck fractures in the elderly has substantial reoperation (16%) and mortality (>18% at 1-year follow-up) rates. Although the methodological quality of the included studies was fair/low, orthopaedic surgeons need to be aware of these rates when discussing treatment alternatives for undisplaced intracapsular hip fractures with their patients. Further prospective high-quality, randomised controlled trials are required to establish the optimal approach for the treatment of undisplaced intracapsular hip fractures, and should include assessment of 
